Introduction
The Critical Success Factor (CSF) approach has been extensively used in the Information Systems discipline to study success of project implementations. CSFs are understood as the essential areas in which desired results lead to successful competitive performance (Borman & Janssen, 2013; Rockart, 1979) . In our previous work we found that CSFs are a productive approach to understanding and capitalizing on the success of open data initiatives. Thus this paper builds on and extends a paper that we presented at the Conference on E-democracy and Open Government (see .
Applied to the field of open data, we define critical success factors for open data as factors which are critical for the successful implementation of an open data initiative. An open data initiative is any activity that aims at improving the publication and/or use of open data, including initiatives on different levels (e.g., international, national, local), by different stakeholders (e.g., civil servants, citizens, universities) and concerning different types of open data (e.g., on different topics, such as social sciences, city construction or health). A successful open data initiative is one in which data supply stimulates use and generates value. While many open data initiatives have been set up in the last few years, the success of these initiatives cannot be guaranteed. Many authors have pointed at the impediments of open data initiatives that may block the derivation of value from the publication and use of open data (e.g., Barry & Bannister, 2014; Conradie & Choenni, 2014; Janssen, 2011) . So far the potential and success of Open Government Data (OGD) appears to be supported mainly by anecdotal evidence (Jetzek, Avital, & Bjorn-Andersen, 2014 ). Various researchers have described factors which are important to make open data initiatives successful (e.g., Parycek, Höchtl, & Ginner, 2014; Zuiderwijk, Janssen, Choenni, & Meijer, 2014) . Yet, what is perceived as successful depends on the context of the initiative.
The literature does not describe success factors for open data initiatives that take this context into account. Identifying context-dependent open data success factors may foster the publication of public data, and it may help policy makers, civil servants and other decision-makers who plan to start an open data initiative to consider whether they will participate in the initiative and under which conditions. This is expected to foster the publication of data, the successful use of published data and to stimulate its economic and societal applications.
To contribute to research on context-dependent open data success factors, this paper aims to answer the following question: Which factors are critical for the publication and use of open data in particular practical cases? This paper first obtains a broad overview of open data success factors, and secondly specifies which factors from the broad overview are critical in particular contexts.
Research Background

Research on Success Factors in General
Interpretations of what the concept of success encompasses might differ. In technology-driven project implementations, success is multidimensional and somewhat ambiguous. The expectations and evaluations of project performance might differ among project stakeholders. The Information Systems success model (DeLone & McLean, 2002 , 2003 arguably provides the most comprehensive view and combines the key dimensions defining success. This model advocates that a system can be evaluated in terms of information, system, and service quality. These characteristics affect the subsequent use or intention to use a system and user satisfaction. According to the model, certain benefits will be achieved as a result of using the system. Following this view, in our study we assume that two dimensions indicate success of an open data initiative: 1) the (focus on the) use of published open data, and 2) the (focus on) emerging impacts and benefits. We use this conceptualization of open data success as a backdrop for our critical success factors (CSFs) study.
Open Data Success Factors
The notion of success in existing open data literature can be related to a number of research themes, for instance, success in relation to the evaluation of open data implementations, maturity of open data initiatives, progress and development of open data infrastructures and benchmarking of open data efforts. It has been more common to investigate failure and barriers in open data initiatives than to define and measure success. Apart from the study that this article builds on (see Zuiderwijk et al., 2015) , we are not aware of any other holistic and comprehensive CSF analysis that has been carried out in relation to open data. We found only a few studies that explicitly refer to the term success factor in relation to open data initiatives. A search in Scopus for open data in the keywords and success factor in all fields returned thirteen entries of which only three appeared relevant. Table 1 summarizes the success factors mentioned in the three selected studies. One of these studies (Sayogo & Pardo, 2013) used the term success factor to investigate the motivation and the driving forces of adoption of an open data initiative; this is a specific interpretation of success factors expounded as drivers. Other studies use terms such as enablers (van Veenstra & van den Broek, 2013) , facilitators (Cranefield, Robertson, & Oliver, 2014) , or organizational measures (Susha, Grönlund, & Janssen, 2015) . In sum, there is a research gap as a holistic framework of CSFs in relation to open data publication and use is missing. The studies that explicitly refer to the concept of success factors are mainly focused on the data publication dimension.
Table 1: Overview of Success Factors Mentioned in the Literature
Area in focus Identified success factors Authors
Evaluation of open data strategy and portal Political will, decision and resources CIO in charge of the implementation process Clear definition of responsibilities Implementation using a process model Community Management Parycek et al. (2014) Design of open data publishing process Think early about data publication Develop guidelines about privacy and policy sensitivity of data Provide decision support and liaise with other departments involved Make data publication an integral, well-defined, and standardized routine task Monitor how published data is reused Zuiderwijk, Janssen, Choenni, et al. (2014) Motivation to adopt a smart disclosure policy Success factors understood as economic rationale, regulatory and policy incentives, technology incentives and mimetic forces Success attributed to the interaction between aforesaid factors and internal drivers of an organization, such as strategic fit and alignment and reputation risk Sayogo and Pardo (2013) Total: 3 articles
Research Methodology
In this study we opted for combining multiple research methods, since we first aimed to obtain a rich overview of factors which are important for open data publication and use, and then to narrow down this overview to factors which were critical for the publication and use of open data in specific cases. First, during a brainstorming session four academic researchers with expertise in the field of open data each participant individually developed an initial list of factors which influence open data publication and use based on their previous open data research (e.g., Parycek et al., 2014; Zuiderwijk, Janssen, & Davis, 2014) . The lists were developed from different perspectives (i.e., open publication and use) so that together they contained as many factors as possible.
Second, all four researchers presented the identified factors in two workshops:  A 3,5 hour workshop at the Electronic Government and Electronic Participation Conference in September 2014 (see Susha, Zuiderwijk, Janssen, Parycek, & Loukis, 2014) . The workshop was attended by 18 experts from the field of e-government and e-participation and involved especially experts concerned with open data research. About two-thirds of the participants were male and most participants were between 30 and 50 years old.
 A 1,5 hour workshop at the Conference on E-democracy and Open Government in May 2015 (see . The workshop was attended by 28 experts from the field of open government and open data. Most participants were aged between 30 and 50 years old with the majority being male.
The workshop participants on both occasions received an initial list of factors important for open data publication and use as a paper version, and they were asked if there were factors that they wanted to add to the list. Thereafter, additional factors were discussed with the group of participants and more factors were added.
The initial brainstorming session and the two interactive workshops resulted in a comprehensive list of factors important for open data publication and use. However, the overview was generic and did not account for the influence of contextual factors critical for open data publication and use. As a third research step, we conducted case studies, since this method allows for explorative research to investigate contextual factors. Case studies can help in "understanding the dynamics present within single settings" (Eisenhardt, 1989, p. 534) . A case study can be defined as "an empirical inquiry that investigates a contemporary phenomenon within its real-life context, especially when the boundaries between phenomenon and context are not clearly evident" (Yin, 2003, p. 13) . The cases were selected based on theoretical sampling (Eisenhardt, 1989) , i.e., they were chosen because they were expected to replicate previous cases, extend emergent theory, fill theoretical categories or provide examples. The following case study selection criteria were defined:  Case study information should be available and accessible. Case study information was obtained through the second workshop, through desk research, and follow-up interviews with respective workshop participants as case study informants.
Based on these selection criteria, the following three cases were selected. We believe that all three open data initiatives demonstrate results of success by focusing on the use, impact, and benefits of the initiatives. All three cases went beyond merely publishing open datasets, and in addition to the supply of open data they paid attention to the use and emerging impacts and benefits of the initiative. Table 2 provides an overview of the identified factors that are important for open data publication and shows to which extent each factor was critical in the case studies. Three categories of factors were most critical for the disclosure of open data in the ENGAGE initiative, namely 1) legislation, regulation and licenses, 6) sustainability of the open data initiative, and 9) accessibility, interoperability and standards. With regard to the Open NY initiative, the table shows three categories of factors critical for the publication of open data, namely 1) legislation, regulation and licenses, 4) training of and support for civil servants, and 8) open data platforms, tools and services. In the Open Vienna Initiative, the most critical factors were found in the categories of 2) strategy and political support, 3) management support and publication processes within governmental agencies, and 7) collaboration. Many critical factors were also mentioned in the sixth factor category concerning the sustainability of the ENGAGE open data initiative, which can be explained by the fact that ENGAGE was a temporal project that could receive funding for three years only. Critical factors were also found in the ninth category concerning accessibility, interoperability, and standards, which is rooted in ENGAGE's focus on providing homogenous access to heterogeneous datasets. Essential factors with regard to sustainability concerned identifying the need for data, ensuring the continuity of data supply (including timely and automated updates of data), and being transparent towards open data users about the conditions under which data publication takes place. Factors regarding accessibility, interoperability and standards that were critical for open data publication success referred to multilingual metadata and data, the use of standards (for data, metadata, licenses, URIs and exchange protocols), the integration of metadata schemas and federated controlled vocabularies, the provision of various types of metadata in line with metadata standards, and the supply of APIs for open data provision in the form of service feeds.
Critical Success Factors for Open Data Publication and Use
Findings Regarding Open Data Publication
Another factor that was not part of the broad overview of open data success factors derived from the brainstorm session and workshop, but that was found to be critical in the case concerning data stewardship and the development of a management plan for this. Stewardship refers to the "careful and responsible management of something entrusted to one's care" (Dawes, 2010, p. 380) . Dawes (2010, p. 380) writes that stewardship in the context of information refers to "assuring accuracy, validity, security, management, and preservation of information holdings". Our third factor category already partly covers management support, yet a number of these factors were assessed as "not critical" by the case study respondent. The case study showed that some other management factors related to assuring accuracy, validity, security, and preservation were critical for the success of ENGAGE. Management factors that were assessed as very critical were releasing only high quality data, defining clear process steps for publishing data, publishing data that are important to address societal issues. The criticality of these factors stems from the fact that ENGAGE was a new initiative which started without any users. It needed to attract a large user base from the beginning of the project, which required the provision of accurate, valid, high-quality, and secure datasets that OGD users could trust.
Open NY
Since 2013 the state of New York has released over 113 million of records and over 1100 data catalogue items across over 61 government entities. A lot of these data were however already available prior to the launch of the Open NY initiative, hence one of the objectives of the initiative was to stimulate further release. Overall the Open NY initiative was driven by the pressure from the state governor, as other states had already provided open data portals but not the state of New York.
Besides, stimulating open data publication was seen as a strategy to reduce the number of requests for information and thereby reduce the burden on the local governments and agencies and improve information sharing.
With these objectives in mind it was important to make civil servants across diverse government organizations in the state of New York comfortable about publishing more data (which they otherwise protect) by enabling them to check that they do so in full accordance with all applicable legislation (namely on data protection and privacy). Providing such information to the civil servants was also required because at the state level there is no statistics entity which otherwise might be competent in data publication issues. This circumstance made it critical for the initiative's success to focus on factors related to legislation, regulation and licenses for the release of open data. Moreover, the data resources could be reused by anyone through the Open NY platform, which led to the criticality of developing a guide on legal Intellectual Property Right (IPR) issues allowing organizations to pick the correct licensing form.
The objective to stimulate release of more data by local governments and agencies participating in the Open NY also led to the criticality of factors in the category of training of and support for civil servants. In the US public officials, the majority of whom typically have a degree in public administration, are not generally prepared to bear responsibility over data issues. Therefore, very critical steps were to create a virtual competence center which assists in answering questions and helping out with administrative data publication processes, to provide training on open data publication within governmental agencies (e.g., training on how datasets can be anonymized) and to develop information campaigns in which questions about open data publication are discussed. Providing training and support for civil servants was required in order to distribute the value of open data publication at the lower level and thereby realize the internal benefits for government organizations (such as improved information sharing). Moreover, factors such as creating a strategy for maintaining published datasets and ensuring the continuity of data provision were important.
The New York data were published on the Open NY platform. In the Open NY initiative, it was therefore critical to pay attention to factors in the category of open data platforms, tools, and services. More specifically, the implementation of advanced data search functionalities, using a "web 2.0" approach for open data, and the development of a clear user interface were seen as very critical for the Open NY initiative's success. The importance of the platform, its search functionalities and its user interface is linked to the fact that the Open NY initiative targeted all kinds of audiences including civil society, citizens, and developers. Increased accountability was a powerful driver behind the initiative, to a much larger extent than potential economic effects. While this was a young initiative aiming to create a presence as an initial effect, providing a top quality site using existing state of the art tools and technologies was considered important.
Besides the listed factors, an additional success factor was formulated to be very critical in the Open NY case -the underlying data governance and data management capability of the organizations. Data governance can be defined as a system of decision rights and accountabilities for information-related processes, executed according to agreed-upon models which describe who can take what actions with what information, and when, under what circumstances, using what methods (The Data Governance Institute, 2015 ). An open data governance framework hence comprises decision rights and accountabilities regulating the data publication process and can include issues concerning data quality, metadata management, data privacy, data ownership, data policies (Eckartz, Hofman, & Van Veenstra, 2014) . In the Open NY case building organizational capabilities in terms of data governance and management was of critical importance given the objective to establish a sustainable data publication process which can generate internal benefits for the governmental organizations. In order to make open data part of business as usual a data governance framework and capability to enact it were essential.
Open Vienna
Many CSFs for open data publication in the Open Vienna initiative were found in the categories of strategy and political support, management support and publication processes within governmental agencies, and collaboration. The following factors were among those seen as very critical: define clear process steps for publishing data, determine which personnel has the key responsibilities for publishing open data, start with the publication of data which is interesting for users, determine which standards and vocabularies will be used, determine where datasets will be published, ensure top management support, organize focus groups with heads of departments, and create a virtual competence center.
These CSF are based on the overall Viennese initiative, which has been driven by political decision and a strong implementation mandate for the administration. With regard to the category of strategy and political support, the Chief Information Officer fulfilled this political initiative and build up organizational and operational structure, e.g., a virtual competence center (experts from IT department, statistics department, Geographical Information System (GIS) department, directorate). Every department had to nominate a person responsible for the OGD implementation at the department level, and a structured open data publication process was defined. This was aimed to achieve coordination and control, as well as effective prioritization and evaluation, including at the political level. These organizational and operational structures are still in place and used for an ongoing quarterly publication process.
Further CSF in the category of management was the determination of standards and vocabularies for data publication process. Therefore a cooperation between open data providers from the different federal levels was established in the early beginning of the OGD initiatives in Austria. Based on the quickly developed technical and legal standards, a nationwide metadata portal was developed, which offers a comprehensive overview of OGD in Austria (www.data.gv.at). The same standards have been used from the beginning for the OGD Vienna initiative. As mentioned the clear processes and well defined units and roles are CSF (determine which personnel has the key responsibilities for publishing data on the portal). The final main factor in the management category was the focus on relevant data, which has been asked by the citizens. This issue is closely linked to the cooperation activities, as described in the following paragraphs.
With regard to CSFs in the category of collaboration, community management, and training, support of civil servants played an important role from the outset of this initiative. Even before Open Vienna was officially launched, the open data community and representatives from the Viennese administration discussed potential data sets and forms of collaboration. Thus the administration was well prepared for the political mandate and pursued the realization of benefits of open data.
Various other very critical factors for open data publication were found in the category of collaboration. The case study showed that it was very critical to arrange meetings with open data users to find out what their needs are and how the data from the governmental agency are used. Moreover, it was important to ensure agile and open cooperation with various other organizations (administration, universities, CSO, Open Knowledge Foundation), and to organize interorganizational collaboration (e.g., network meetings) to learn from the open data initiatives of other governmental agencies. These factors were critical for the success of open data publication in the Open Vienna initiative based on internal and external stakeholder interviews, which have been done during the evaluation of the implementation. OGD is still a new domain for the administration and therefore they needed to implement strong internal and external cooperation for developing a vibrant feedback loop and a steep learning curve. Besides building up experience, the external collaboration with companies and civil society is one of the most important factors, because without cooperation through external developers only minor value for the broad public is created. For creating social and business value for a broad audience these new intermediaries are needed.
Several additional factors for open data publication and use were proposed in the Open Vienna case. Having in place a timetable and data management were found to be important for open data publication. The 2012 evaluation (Parycek et al.) came to the result that the combination of technical aspects, internal organization and the strong collaboration with civil society, companies and cross federal cooperation was the main success factor -"The whole is more than the sum of its parts".
Findings Regarding Open Data Use
The survey also asked for factors which were critical for open data use in the open data initiatives (see Table 3 ). The most critical factors for open data use in the ENGAGE case were: 10) legislation, regulation and licenses, 11) success stories, and 14) feedback and sustainability. The Open NY case points at CSFs in the categories of 11) success stories and 15) research and education. The CSFs in the Open Vienna case were found mainly in the categories of 10) legislation, regulation and licenses, 12) incentives for open data use, and 14) feedback and sustainability. ++ which can be explained by ENGAGE's focus on freely sharing datasets, and in the eleventh category concerning success stories, which can be explained by the importance for the project to attract a large user base. With regard to legislation, regulation, and licenses, the provision of information on the meanings and implications of licenses, and on privacy legislation and how open data can be used in compliance with this legislation were critical. As far as the success story category was concerned, the provision of readily available examples of open data use (e.g., apps) to non-experts, as well as the development of stories about successful open data use were critical. Success stories were used to attract more people to the infrastructure. In addition, all the factors in the category of feedback and sustainability were assessed as critical for the use of open data in the ENGAGE initiative, including the provision of mechanisms for governmental agencies to know how their data have been reused, to know what can be learned from the reuse of their data, and to know how the publication of their data can be improved based on feedback that they received from open data users.
A factor that was not part of the broad overview of open data success factors derived from our brainstorm session and workshop, but that was seen as critical was that open data users should know precisely and in a scientific manner the methodology of how the data were produced. For instance, if the dataset was derived from a survey, it should be clear to the user which method was used, how the sample of respondents was selected, and under which conditions the data were created and can be reused. Since datasets could be reused and changed on the ENGAGE infrastructure, users needed to know how datasets had been produced, and how changed datasets differed from original datasets.
Open NY
The Open NY initiative stimulated the use of open data by offering interactive applications and by organizing public challenges to encourage the creation of apps. For the involvement and engagement of users, it was critical to address all three factors in the success stories category. The Open NY initiative required the provision of readily available examples of open data use (e.g., apps) to non-experts, the development of stories of successful open data use, and the involvement of community key players to propagate success stories. However, as mentioned in section 3.1.2, this initiative was mainly aimed at creating a presence and establishing data publication routines; boosting the use of data given the young age of the initiative was not the first priority. This circumstance explains why factors in the categories of training and support of end users and feedback from end users to data publishers were not considered critical in the Open NY case.
In the category of research and education, the involved case study participant mentioned that it was very critical for the Open NY initiative to develop university and continuous education curricula on open data and to develop and maintain research areas roadmaps on open data, in order to consolidate research efforts and address open issues. The case study participant was also involved in education and research in the domain of open data, which illustrates the importance of factors related to education and research in the Open NY initiative. No additional success factors for open data use were identified in this case.
Open Vienna
A first important category of critical success factors for open data use in the Open Vienna case concerns legislation, regulation, and licenses. Both the provision of information on the meaning and implications of licenses and the provision of information about privacy legislation and how open data can be used in compliance with this legislation were assessed as very critical. The OGD Austria cooperation agreed on Creative Commons license CC as the only excepted license on the nationwide OGD portal. This decision was supported by the City of Vienna and solved the problem of contradictory licenses and uncertainty in the developer community.
Many CSFs for open data use in the Open Vienna case were also found in the category of incentives for open data use. Very critical factors in this category were to stimulate the development of specialized, open-data driven start up incubators, and to align events, competitions and hackathons with, for example, university curricula, awards, festivals and "direct marketing". The City of Vienna offers different kinds of financial support programs for companies and civil society organizations. The impact was generated by including components of the open data initiative into existing funding programs and ongoing cooperation and collaboration, which has led to several open data driven projects. Besides, the open data community was supported by competitions like gov20camp and Apps for Austria.
Finally, the case showed that it was critical for the use of open data in the Open Vienna initiative to focus on factors related to feedback and sustainability. The most critical factor in this category was to provide mechanisms for governmental agencies to know how their data have been reused. The quarterly OGD meetings, organized by the office of the CIO, are the main platform for communication, discussion, and direct feedback from the data community to the data providers. The second minor aspect is the possibility of linking a developed app to the used data sets, which offers a quick overview who is using the data. The sustainability is ensured through the ongoing quarterly publication process. Organizing meetings with internal experts and community was found to be an additional success factors important for open data use in the Open Vienna case.
Discussion of Case Studies
Contextual Aspects Influencing the Criticality of Success Factors in the Cases
The findings in the previous section showed that the three open data initiatives that we examined (ENGAGE, Open NY and Open Vienna) differ with regard to the criticality of success factors for open data publication and use. The case study participants pointed at different categories of CSFs for open data publication and use, and most critical success factor categories were not the same among the three initiatives. Only the category of 1) legislation, regulation and licenses for open data publication was seen as critical for more than one initiative. As the use of open data is concerned, factors in the categories 10) legislation, regulation, and licenses, 11) success stories, and 14) feedback and sustainability were identified as critical in at least two cases. Beyond the categories, there were many factors that were critical to all three cases, yet these were divided among the categories and there was not one clear category of factors critical to all three cases (see section 5.2). The many differences in CSFs for the three cases might be explained by our case selection criterion to select cases that represent successful open data initiatives on a diversity of geographical levels and topics. The diversity in the cases allowed for identifying contextual aspects that influenced the criticality of success factors for open data initiatives. The case studies showed that the criticality of success factors depends on the context of the open data initiative. One major contextual factor is the geographical level on which the initiatives are organized. Our study involved open data initiatives on international, regional and city level. For example, since the ENGAGE open data initiative was organized on an international level and involved datasets from different countries in various languages, the factor of multilinguality was critical. In the Open NY initiative, there was no statistics entity at the state level that could provide help in data publication issues, which made it critical for the initiative's success to focus on factors related to legislation, regulation, and licenses for the release of open data. Since the Open Vienna initiative functioned on a lower level than the national level, it was important in this initiative to consider the already existing national Austrian OGD initiative. This made it critical for the Open Vienna initiative to use similar standards and ways of publishing as the national initiative and to cooperate with open data providers at different federal levels.
Moreover, the type of end-user in an initiative was an important contextual factor than influenced the criticality of success factors. The three initiatives focused on different types of end-users. The ENGAGE case targeted mainly researchers and citizens, while the Open NY case focused broadly on all audiences, and the Open Vienna case targeted the intermediaries like companies, civil society organizations, and developers. The criticality of the factors needs to be viewed from the perspective of the end-user focus. For instance, the factor to "stimulate the development of specialized, opendata driven start up incubators" was seen as very critical in the Open Vienna case and critical in the Open NY case because of their particular end-user focus, but this factor was not critical in the ENGAGE case since it focused on other end-users.
Furthermore, the phase of the open data process that the initiative focuses on, i.e., the publication or the use of open data, also influences whether a factor is critical for an initiative's success, and it is important to make a distinction between factors critical for open data publication on the one hand, and factors important for open data use on the other hand. The case study showed that some factors were only critical for the success of data publication, while others were only critical for data use. If these categories are not separated, this may lead to unrealistic expectations of open data decisionmakers.
The case studies showed that the criticality of factors was also determined by the presence or lack of certain expertise necessary for open data publication or use. In the Open NY case, many of the involved civil servants were lacking experience with data publication, and it was therefore critical to train them on how to deal with data publication issues. In the Open Vienna case, a virtual competence center was created with experts from the IT department, statistics department, Geographical Information System (GIS) department and the directorate. This helped in building up the organizational and operational structure. Each of the cases showed that certain expertise is required for open data initiatives, and if this expertise is lacking, it becomes critical to obtain the expertise.
Furthermore, the temporal dimension is a contextual factor that influences CSFs for open data initiatives. For example, the ENGAGE case concerned a three-year open data initiative, and therefore many factors related to feedback and sustainability were critical. The temporal dimension is also important since open data CSFs may vary over time, and they may depend on a long-run or shortterm focus of the open data initiative. For instance, while the factors of collaboration for data publication were not found to be critical for success in the ENGAGE initiative, these factors may be critical for the sustainable provision of open data in the long-run.
Other contextual aspects that may influence the criticality of success factors for open data use are whether the data are reused for commercial or non-commercial purposes, since the need to make open data use profitable is likely to lead to different success factors than not-for-profit data use. A factor such as the development of a successful revenue model was not critical in the context of the three cases that we studied since they did not aim to make money with open data use, while this factor may be critical for commercial open data use initiatives.
Universally Applicable CSFs?
The findings of our study offer several interesting insights and implications. An important point of reflection concerns the extent to which the identified factors (or some of them) can be universally applied to different organizational settings. In the literature (Poon & Wagner, 2001) there is a notion of meta-CSFs -a smaller number of CSFs of utmost criticality which if managed correctly result in all other factors going right as well. In our study, twelve factors were found to be critical or very critical to all three studied cases. 1) Develop a (national) guide on legal Intellectual Property Right (IPR) issues allowing organizations to pick the correct licensing form; 2) Define clear process steps for publishing data; 3) Determine which type of data is important to address societal issues and focus on the publication of these data; 4) Start with the publication of data which is interesting for users so that the users see the benefit of open data; 5) Determine where datasets will be published; 6) Create a virtual competence center which assists in answering questions and helping out with administrative data publication processes; 7) Create a strategy for maintaining published datasets; 8) Use a "web 2.0" approach for open data, allowing citizens to post, rate, work with datasets and web services; 9) Develop a clear User Interface (logical symbols, clear setup of the web page, simple design); 10) Use standards for data, metadata, licenses, URIs, and exchange protocols; 11) Integrate metadata schemas and federated controlled vocabularies for properly categorizing information; 12) Provide Application Programming Interfaces (API's) for open data provision in the form of service feeds (from open data to open services).
These factors might be more universally applicable to open data initiatives. From our study it does not become clear to which extent these factors also apply to other open data initiatives, and further research in this area is needed. Nevertheless, the twelve critical success factors suggests that successful open data initiatives need to cover many different categories, since the twelve factors above were very divided among different success factor categories, and only few factors belonged to the same category. This also suggests that people involved in open data initiatives need to work interdisciplinary to reach a solution for a common problem, where they involve experts from all the categories of success factors, such as legislation experts, training experts and sustainability experts.
Conclusions
This paper aimed to answer the question: Which factors are critical for the publication and use of open data in particular practical cases? A brainstorming session and two interactive workshops were used to first identify a comprehensive list of factors which are important for open data publication and use. Subsequently, the findings from three case studies showed which of these generic factors were critical for open data publication and use in particular contexts. The open data initiatives that we studied were selected based on diversity, and they focused on different geographical levels, namely on city, regional and transnational level.
The case study participants pointed at different categories of success factors that were critical for open data publication and use. Hence, our first conclusion was that the criticality of the factors depends considerably on the context of the open data initiative. The second point we arrived at was that a number of success factors appear to be more universally applicable than others. Despite the differences between the categories of CSFs in the cases, twelve factors were found to be critical or very critical to all three studied cases. They were divided among different success factor categories and only few belonged to the same category. Thus our third conclusion was that open data initiatives should adopt an interdisciplinary approach and involve experts from all the categories of success factors, such as legislation experts, training experts, and sustainability experts. The broad overview of generic factors obtained from the brainstorming session and the interactive workshop may be used by other researchers as a framework for investigating the criticality of success factors in a certain context. The case studies allowed for identifying context-dependent open data success factors, which may foster the publication of public data, foster the use of published data, and stimulate its economic and societal applications. The combination of methods used in this study was found to be useful to identify CSFs for open data publication and use. We recommend further research to complement the three case studies with other cases from a variety of contexts. This could help to determine the criticality of success factors in other contexts, and to obtain more insight in whether a particular open data initiative may be successful or not. It may also offer guidance to decision-makers regarding whether they will participate in an open data initiative and under which conditions. Additionally, further research could investigate whether quantitative approaches towards measuring the success of open data initiative could be useful.
